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The Apontaneous ignition of a combustible in air has presented a safety problem for a number of years. As the temperatures of many components found in aircraft are elevated, the hazards associated with the spontaneous ignition of fuels, lubricants and hydraulic fluids will increase. Accordingly, it is of interest to determine the minimum spontaneous ignition temperatures of the combustibles used in aircraft when in contact with various typical surfaces as a function of ambient pressure and, in the case of hydraulic fluids, as a function of fluid pressure. From these data, one can then choose the safest hydraulic fluid for a particular application.
This work is a continuation of the program of research on the flammability characteristics of aircraft fuels and hydraulic fluids initiated at the U. S. Item XXV: Determine the minimum spontaneous ignition temperature at 1, 0.5, and 0.25 atmosphere pressure of each of the fluids specified in Item XXIV as a function of injection pressure using a diesel injector and hollow-cone spray nozzle and a fixed nozzlo-to-flask distance in conjunction with the 1-8 Bureau of Mines Ignition Apparatus (Appendix II, WADC TR 52-35).
Item XXVI: Repeat. Item XXV using various metallic surfaces used in current aircraft, as specified by Materials Laboratory.
Item XXVII: Repeat. Items XXV and XXVI, but keeping the injection pressure constant and vary the nozzle-to-flask distance. Repeat for at least two additional injection pressures.
Item XXVIII: Determine the minimum spontaneous ignition temperatures in air of each of the fluids specified in Item XXIV, as a function of pressure between 0 and 3000 p.s.i.g, in a stainless steel vessel. Repeat with an adiabatic compression apparatus in which the air in contact with the hydraulic fluids is compressed adiabatically. Item XXIX: Determine the limits of flammability of a high energy fuel, to be furnished by Materials Laboratory, over the temperature range -1000 to +1600F. and the pressure range from 1 to 30 inches of mercury or these ranges extended if necessary. Determine the effect of the spark energy and electrode materials on the limits of ignitibility over the temperature and pressure ranges respectively. Determine the minimum Autogeneous Ignition Temperature at 2, 1.5, 1 and 1/2 atmosphere pressure in a static system. Determine ignition limits for HEF when varying percentages of inert gas (CO 2 and N5) are introduced to form a three-phase gas system (air-inert gas- 
2.2
If a combustible material is heated uniformly in an oxidizing atmosphere until a rapid self-sustaining combustion reaction occurs, the time lag between the onset of heating and the initiation of the above reaction is found to depend on a number of factors such as the temperature, pressure, volume, surface to volume ratio, mixture composition, sample injection velocity and composition of the heated surface. The effect of the surface . may be minimized by using a combustion chamber made of fairly inert material and having a small surface to volume ratio. The ignition temperature data obtained in a particular apparatus may be used to determine the activation energy E for the oxidation process involved. This is done by using the statistical interpretation of the Arrhenius equation which takes the rate of a collisional reaction to be proportional to exp(-E). Since the rate of reaction is inversely proportional to the time of reaction we then have
where Tr is the time lag and T the absolute temperature. Therefore, a plot -1of ln against I should give a straight line of slope E/R for any particu-T lar reaction. In practice, the reaction mechanisms are complex and vary with temperature so that a range of activation energies may be found for a range of temperatures (Ref. 3 and 4). , pressure MIL-0-5606 fluid wi.-l ignite spontaneously in air at the lowest temperature and MLO 53-446 at the highest temperature when in contact with aluminum, beryllium-copper, copper, magnesium, pyrex glass, stainless steel or titanium surfaces. This is true regardless of the pressure used to project these fluids against the above heated surfaces. In general, as this injection pressure is increased, the surface temperature required to effect spontaneous ignition is decreased. Of the seven fluids tested, --MLO 54-540 exhibited the greatest ignition temperature drop with increase in injection pressure. The minimum ignition temperature of this fluid in contact with pyrex at one atmosphere pressure dropped from 703 0 F. (373oC.) at zero injection pressure to 4640F. (2040C.) at 500 p.s.i, injection pressure; the distance between the injector and the pyrex surface was approximately 4 inches in these experiments.
3.2.3
The minimum spontaneous ignition temperatures of the above fluids were determined at reduced pressures when in contact with a pyrex glass *surface.
The fluids were introduced into the heated test flask with a WADC TR 57-151 4 Vr 0 -" hypodermic syringe. A summary of the data obtained is given in Table 8 , Appendix I, and presented graphically in Figure 9 , Appendix II. Figure 9 shows that in general the ignition temperature of each of the fluids tested rises as the test pressure is decreased (i.e., as the altitude is increased). The notable exception here is MO 53-446 which appears to have a constant minimum ignition temperature over the pressure range 1 to 1/2 atmosphere. The rate of increase of ignition temperature with dedrec3e in pressure is greatest for MIL-0-5606 fluid. This rate of increase is such that this fluid has the highest minimum spontaneous ignition temperature at 1/4 atmosphere of any of the fluids tested at an essentially zero injection pressure. Accordingly, frcm the standpoint of safety from spontaneous ignition, MIL-0-5606 fluid appears to be the least desirable and MLO 53-446 the most desirable of the above hydraulic fluids for use at one atmosphere pressure in a low pressure hydraulic system. At 1/4 atmosphere MIL-0-5606 fluid appears to be the most desirable and MIO 53-446 the least desirable of the above hydraulic fluids in a low pressure system. A similar evaluation of these fluids for use in high pressure hydraulic systems must await the completion of high velocity fluid injection experiments at low chamber pressures. Such U experiments are currently in progress.
Activation Energies
3.3.1 Activation energies were determined for the spontaneous ignition reactions involved in the above ignition temperature work. As expected, these energies were found to depend on the combustible, surface, temperature range, injection pressure, chamber pressure and fuel-air ratio. In general, they fell in the range 20 to 100 kcal/mole.
For a given hydraulic fluid, surface, temperature range, chamber pressure and fuel-air ratio the activation energy generally decreased with increase in fluid injection pressure. This indicates that the conversion of the kinetic energy of the spray stream into heat may be one of the factors responsible for an ignition temperature lowering with increase in injection pressure.
Additional work must be done on this subject before a more definite statement can be made, however.
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SECTION IV PROPOSED FUTURE INVESTIGATIONS

4.1
Tests conducted to date show the minimum spontaneous ignition temperature of a hydraulic fluid is dependent on the fluid injection pressure. Since the amount of this lowering appears to be quite important in q'me applications, the mechanism by which this lowering is achieved should be investigated. This can best be done by working with pure fluids instead of blends so that the effects of additives may then also be determined.
4-.2 Spontaneous ignition temperature tests have been conducted on a number of combustibles at low pressures while in contact with various surfaces. This work should be extended to superatmospheric pressures for those combustible fluids that are to be used at elevated pressures.
4 3 Ignition temperature data should be obtained for a number of families of combustibles which may be used as fire resistant fluids or as additives to such fluids so that the effect of molecular structure on ignition temperature can be assessed. At present, such data are available on comparatively few combustibles. MLO 54-581. At 1/4-atmosphere pressure the order becomes MLO 53-446; M0 S5-540; M0 54-856; M1 54-645; M0 8200; MIL-0-5606 fluids; M0 54-581. Thus, although MLO 53-"46 is the best of the above fluids in terms of spontaneous ignition at atmospheric pressure, it appears to be the worst at pressures below 1/2 atmosphere.
5.2
The minimum spontaneous ignition temperatures of MLO 54-540, MLO 54-581, MLO 54-645, MLO 54-856 and MLO 8200 hydraulic fluids are decreased considerably when these fluids are injected into a heated surface at high velocity at one atmosphere pressure. There is very little change in the ignition temperatures of MIL-0-5606 fluid and MLO 53-446 under the same conditions. The reasons for this peculiar behavior in ignition temperatures are still uncertain. 1.
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